In the title compound, [Cu(C 9 H 5 N 4 O)Cl(C 12 H 8 N 2 )] n or [Cu(tcnoet)Cl(phen)] n , where phen is 1,10-phenanthroline and tcnoet is 1,1,3,3-tetracyano-2-ethoxypropenide, the axially elongated (4 + 2) coordination polyhedron around the Cu II centre contains N atoms from three different tcnoet ligands. The resulting coordination polymer takes the form of sheets which are linked in pairs by a single C-HÁ Á ÁN hydrogen bond to form bilayers. The bond lengths provide evidence for significant bond fixation in the phen ligand and extensive electronic delocalization in the tcnoet ligand, where the two -C(CN) 2 units are rotated, in conrotatory fashion, out of the plane of the central C 3 O fragment.
, which was crystallized from a solution in aqueous ethanol containing equimolar quantities of 1,10-phenanthroline, potassium 1,1,3,3-tetracyano-2-ethoxypropenide and copper(II) chloride dihydrate. Anionic polynitrile ligands are of interest because of their ability to act as bridging ligands, generating a range of different topologies in one, two or three dimensions, either with or without the presence of other coligands (Thé tiot et al., 2003; Batten et al., 1998 Batten et al., , 1999 Batten et al., , 2000 Setifi et al., 2006 Setifi et al., , 2007 Setifi et al., , 2009 Setifi et al., , 2010 . Compound (I) is an example in which there are two different co-ligands, one each of 1,10-phenanthroline and chloride, alongside the polynitrile ligand, and where the resulting coordination polymer is twodimensional.
Experimental

Synthesis and crystallization
The salt K(tcnoet) was prepared according to the published method of Middleton et al. (1958) . For the synthesis of compound (I), solutions containing 1,10-phenanthroline (1 mmol) in ethanol (10 ml) and K(tcnoet) (1 mmol) in water (5 ml) were mixed, and then a solution containing copper(II) chloride dihydrate (1 mmol) in water (5 ml) was added. The resulting mixture was filtered, and the filtrate was set aside to crystallize at ambient temperature and in the presence of air providing, after three weeks, green crystals of (I) suitable for single-crystal X-ray diffraction.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were located in difference maps and then treated as riding atoms, with C-H distances of 0.93 (aromatic), 0.96 (methyl) or 0.97 Å (methylene) and with U iso (H) = kU eq (C), where k = 1.5 for the methyl group, which was permitted to rotate but not to tilt, and k = 1.2 for all other H atoms. The reflection 200, which had been affected by the beam stop, was omitted from the data set.
In the final refinements, all reflections having > 27.5 were omitted. Although the displacement parameters for atoms C121 and C122 are somewhat larger than those of the other atoms, no evidence was found for any positional disorder involving these two atoms.
Results and discussion
In the selected asymmetric unit of (I) (Fig. 1) , the Cu II centre is coordinated by a bidentate 1,10-phenanthroline unit, a chloride ligand and a 1,1,3,3-tetracyano-2-ethoxypropenide ligand (hereafter denoted tcnoet) bonded via atom N111, where the two anionic ligands occupy mutually cis sites in a square-planar arrangement (Table 2 ). The usual axially elongated (4 + 2) coordination at the Cu II atom is completed by N atoms from two further tcnoet ligands, namely atoms N131 and N132 at (x, Ày, z + 1 2 ) and (x, Ày + 1, z + 1 2 ), respectively (Fig. 2) The selected asymmetric unit for compound (I), showing the atomlabelling scheme. Displacement ellipsoids are drawn at the 30% probability level. (9) ( Table 2 and Fig. 2) The triply bridging coordination mode for the tcnoet ligand leads to the formation of a two-dimensional coordination polymer in the form of a sheet lying parallel to (100) in the domain 0 < x < 1 4 ( Fig. 3) . A second sheet of this type, related to the first by inversion lies in the domain À 1 4 < x < 0, while a second pair of sheets, related to the first by the C-centring operation, lie in the domains 1 2 < x < 3 4 and 1 4 < x < 1 2 , respectively. There is a single direction-specific interaction between adjacent sheets in the form of a nearly linear C-HÁ Á ÁN hydrogen bond (Table 3) , whose effect is to link the two sheets in the domains 0 < x < 1 4 and 1 4 < x < 1 2 , which are related by the inversion centres at x = 1 4 , to form a bilayer; the chloride ligands lie on the outer surfaces of the bilayer, and the hydrogen bonds all lie in the central region (Fig. 4) . Two bilayers, related to one another by the C-centring, pass through each unit cell. Hence, of the four N atoms in the tcnoet ligand, three are coordinated to different Cu II centres as noted above and the fourth, atom N112, is involved in a hydrogen bond.
Within the 1,10-phenanthroline ligand, the bond lengths (Table 2) provide evidence for some bond fixation in the heterocyclic rings, while the C5-C6 bond in the carbocyclic ring is effectively an isolated double bond. Thus, in the heterocyclic rings, the N1-C2 and N10-C9 bonds are both significantly shorter than the N1-C4B and N10-C6B bonds, and the C3-C4 and C7-C8 bonds are the shortest C-C bonds in these rings. These observations all point to a mixture of forms A and B (see Scheme 1) as the dominant contributors to the electronic structure of this ligand.
The bond lengths in the tcnoet ligand are very similar to those found in uncoordinated tcnoet anions in the hemihydrate salt [Fe(phen) 3 ](tcnoet) 2 Á0.5H 2 O, (II) (Setifi et al., 2013) . In this salt, there are two independent anions, neither of which participates in any metal coordination; one of them acts as the acceptor in two independent O-HÁ Á ÁN hydrogen bonds and the other is free from direction-specific intermolecular interactions. However, there are no significant differences between the corresponding bond lengths in the tcnoet ligand of (I) and the two tcnoet anions in (II), despite the differences in their crystal environments. In compound (I), the two central C-C bonds of the tcnoet ligand are similar in length; the C-C bond lengths to the nitrile substituents lie in the range 1.411 (4)-1.425 (4) Å and are all short for their type (Allen et al., 1987) , and the C-N bond lengths lie in the range 1.140 (4)-1.147 (4) Å , slightly short for their type.
Also significant is the similarity between the conformations of the tcnoet ligand in (I) ( Table 2 ) and the uncoordinated anions in (II). In compound (I), the two -C(CN) 2 units are rotated out of the plane of the central C 3 O unit in a conrotatory fashion. The dihedral angles between the central C 3 O plane and the -C(CN) 2 planes containing atoms C11 and C13 are 14.2 (2) and 16.4 (2)
, respectively. Consideration of compound (I) in isolation might lead to the conclusion that the tcnoet conformation here is determined by the requirements of coordination to three independent Cu II centres. However, in each of the two anions of compound (II), the rotation of the -C(CN) 2 units away from overall planarity is again conrotatory, and the corresponding dihedral angles are 16.9 (2) and 24.8 (2) for the hydrogen-bonded anions, and 16.1 (2) and 18.9 (2) for the free anion. In an Fe II salt, denoted (III), Table 3 Hydrogen-bond geometry (Å , ). Figure 4
A stereoview of part of the crystal structure of compound (I), showing the pairwise linking of coordination polymer sheets by hydrogen bonds. For the sake of clarity, H atoms other than H5 have been omitted. 88.14 (9) containing the related anion 1,1,3,3-tetracyano-2-(methylsulfanyl)propenide (tcnsme; Setifi et al., 2010) , the two independent anions both show conrotatory displacements of the -C(CN) 2 units away from the central C 3 S planes, with dihedral angles ranging from 12.3 (4) to 24.4 (4) , rather similar to the range of values in tcnoet units, noted above. The similarity of the tcnoet and tcnsme conformations in compounds (I)-(III), regardless of the number and nature of their participation in direction-specific intermolecular interactions, suggests that these conformations may be an intrinsic property of these species. Accordingly, the electronic structure of the tcnoet ligand in (I) is of interest. The close similarity of the C-N distances, and within the two types of C-C distance, indicates a highly symmetric electronic structure with the negative charge distributed over the four N atoms, forms C-F (see Scheme 2), as well as over the two terminal C atoms of the allylic portion, forms G and H. A modest deviation from planarity, as observed here, provides no significant impediment to the delocalization of electronic charge (cf. Cobo et al., 2008 Supplementary data for this paper are available from the IUCr electronic archives (Reference: SK3522). Services for accessing these data are described at the back of the journal.
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